ABSTRACT Mobile computing provides useful, accurate, and timely information to any customer at any time and any place, which greatly changes the traditional way of reading data in the warehouse. The shelf layout of a warehouse center is one of the important factors affecting the efficiency of operation. Modern distribution centers use the mobile computing technology to store warehouse data, and these new layouts can significantly reduce the order turnover time and cost. This paper focuses on order picking at a storage center, a real-time communication system using data read-write devices, removes the limitation of the picking channel being a straight line and performs the curve design of the main channel of V-shaped and fishbone layouts. Using mobile computing technology, we can obtain the order position in real time and store relevant data, gather the order in time, and reduce the operating costs. Afterward, we built a storage area utilization model with the main channel selected as the curve and a stochastic model of return-type picking path with the main channel as the curve and verified the effectiveness of the mathematical model through simulation using the MATLAB software.
I. INTRODUCTION
The Internet of Things (IoT) is a network based on the Internet, which extends its user end to any object, so as to carry out information exchange and communication. The IOT extends the communication mode from traditional person-to-person to machine-to-person, person-to-machine and machine-tomachine, making computing and communication ubiquitous in people's life, and the mode of logistics and warehousing data adoption also changes accordingly. The layout design of storage has a greater than 60% impact on the overall picking route [1] . In 1999, den Berg and Zijm [2] first proposed a time-domain dynamic programming simulation algorithm based on a classified storage strategy applied to storage centers. Wang et al. [3] used the genetic algorithm in 2005, and for the first time proposed a method for optimizing
The associate editor coordinating the review of this manuscript and approving it for publication was Shuiguang Deng. storage layout based on the size of the cargo, and obtained good results in simulation verification. Önüt et al. [4] pointed out in a paper published in 2008 that mathematical models established by previous scholars generally only prefer to optimize a single objective function in a one-dimensional angle, but if a multi-objective function with a multi-dimensional perspective is established, as a sub-function of reducing the operating cost of the storage center, it will surely find the best annual operating cost of the storage center. Since 2009, increasingly many scholars have been studying new types of distribution methods. The most studied new layouts are the fishbone, chevron, V-shaped and butterfly layouts. Oztürkoglu et al. [5] introduced a random storage strategy for storage centers in 2009. V-shaped and fishbone layouts can effectively shorten the length of simulated paths in order picking.
In recent years, more scholars have begun to use genetic algorithms to optimize the storage layout. Patel et al. [6] proposed in 2011 that the selection and design of genetic algorithm operators was a key step in the use of genetic algorithms to optimize results, directly affecting the result of optimization. Seval and Nursel [7] considered that warehousing layout design and optimization should be divided into two steps in 2012. The first step is to classify the stored goods and use integer programming to solve the maximum cargo turnover of the warehouse. The second step is to comprehensively consider the problem of warehouse order batch and picking path, and use genetic algorithm to optimize the way the warehouse stores goods and reduce the overall operating cost. In 2012, Cardona et al. [8] focused on the fishbone layout of a storage center, primarily to study how the angle change of the inclined channel influenced the distance of the picking path and obtained the optimal angle of the inclined channel. Çelk and Süral [9] discovered in 2014 that as the number of orders declined, the difference in the average pickto-order distance between traditional warehouses and new warehouses increased.
In recent years, domestic scholars have extensively explored picking route strategies. Sun and Dong [10] adopted the batch order as a constraint condition in 2014 and used a neural network and a genetic algorithm to implement the optimal combination of order batching and picking routes, respectively. In 2016, Hu and Liu [11] discovered that when using the S-shaped picking route, the storage layout based on the gravity model was better than the traditional wave-reservoir layout, the picking time was shorter, and the picking efficiency was higher. In 2016, You et al. [12] simulated the efficiency of manual picking in a storage center under the return-type and S-shaped picking strategies.
The application of curved channel in warehouse layout is still an unknown area. The storage picking field involves variables such as location layout, items of goods, storage location and policy, order batch segmentation and selection path selection, etc. Data of these variables are generated dynamically in the picking operation process.Data collection is usually a time -demanding, heavy -duty work.However, the traditional data collection in the warehouse usually means that the data collection personnel record the collected data in the collection record book by hand, and then input the data into the computer database, which is twice as big as the task. This is the problem that needs to be solved by mobile data collection.With the wide application of mobile communication, wireless sensor technology and intelligent terminal equipment, through the collection of special equipment, computer collection, or the widely used mobile phone as the hardware platform, to provide data collection personnel with on-site collection, on-site input and other working methods, so as to greatly reduce the workload of data collection personnel, improve work efficiency, so that the data in the process of picking business progress can be acquired, training and decision-making. This paper mainly focuses on the storage layout of v-channel features, adopts mobile computing technology to collect storage data more conveniently and quickly, and studies the storage layout when the main channel is selected as a curve.
II. V-SHAPED CHANNEL LAYOUT DESIGN OF STORAGE CENTERS
Assume that the warehouse has only one intermediate I/O point, i.e., the left and right parts of the warehouse are symmetrical with respect to the center. All the layouts studied in this paper primarily focus on the right half. The fishbone layout and v-shaped layout are shown in Figure 1 and Figure 2 below.
A. FISHBONE LAYOUT DESIGN
For convenience of modeling, we make the following assumptions: (1) the shape of the warehouse is rectangular, and the effect of warehouse height on the warehouse layout is ignored; (2) the warehouse has only one input/output (I/O) point; (3) aisles and passages are of equal width; (4) congestion in the warehouse is not considered.
The symbols used in the model are defined as follows:l 1 : indicates the width of the channel; l 2 : indicates shelf width; b: indicates the width of the warehouse; a: indicates half the length of the warehouse; r: indicates the warehouse curve channel curvature and R denotes the effectiveness of utilization of the storage area.
In the fishbone layout, the curvature of the curve channel r varies; however, due to the presence of two diagonal points, the convexity of the curved channel is symmetrical. We only study the situation under the convex curve channel. Additionally, the storage area is divided into the upper and lower parts of the channel to be solved separately. For the upper storage area of the channel, Number of channels:
Ratio of shelf to channel center length:
Total shelf length:
Shelf area:
For the storage area below the channel, Number of channels:
Area utilization:
Assume that the width is b = 1000, the length is a = 1000, l 1 = 4, and l 2 = 4. To validate the model, this paper compares the difference between the results obtained by the proportional model of the storage area and the simulation results. According to the conclusions shown in Figure 3 below, the model is consistent with the simulation trend, indicating that the model can estimate the proportion of the storage area of the fishbone layout as the channel curvature varies. The abscissa represents the curvature of the main channel (i.e., the reciprocal of the radius; the greater the curvature is, the more curved the channel), and the ordinate indicates the proportion of the shelf area. As shown in Figure 4 , the error between the model and the simulation results is within plus or minus 1, suggesting that the model is effective.
As shown in Figure 5 , if l 1 = l 2 , the curvature is approximately 1/1500, and the utilization rate of a storage area with the fishbone layout reaches the minimum of 0.4971. If the curvature is 1/5000, approaching the straight line, the utilization rate of a storage area with the fishbone layout reaches the highest value of approximately 0.4972, and the difference between the highest and the lowest utilization rates is approximately 0.0001. It can be seen that the storage area of the warehouse can be neglected in case of the fishbone layout. 
B. V-SHAPED LAYOUT DESIGN
For convenience of modeling, the same notation as in section II.A is assumed. Similar to the modeling of the effective utilization of a storage area with the fishbone layout, we only study the situation under the convex curve channel.
Number of channels:
Vertical channel length:
Shelf area: Area utilization:
Similarly, assuming that the width is b = 1000 and the lengths are a = 1000, l 1 = 4 and l 2 = 4, the difference between the ratio model of the storage area and the simulation result is used to validate the model. Figure 6 and Figure 7 confirm the validity of the model. As shown in Figure 8 , if l 1 = l 2 and the curvature is 1/1500, the utilization rate of a storage area with the V-shaped layout reaches the minimum of 0.4965. If the curvature is 1/5000, approaching the straight line, the utilization ratio of a storage area with the V-shaped layout reaches the maximum of 0.4966, and the difference between the maximum and the minimum utilization rates is approximately 0.0001. This finding shows that the storage area of the warehouse can be ignored in case of the V-shaped layout.
As can be seen from Figure 9 , the layout design of the warehouse affects the operation efficiency of the whole storage system, and there are many factors influencing the design of the shelf layout. It can be seen from the above that the area utilization rate of fishbone layout is higher than that of v-shaped layout, and it can be concluded that the storage area utilization rate of the two layouts is negligible in the curve channel layout and the traditional linear channel layout, which has important implications for the construction of the random path selection model.
III. CONSTRUCTION OF A STOCHASTIC MODEL FOR PICKING PATHS IN STORAGE LAYOUT WITH THE V-SHAPED CHANNEL A. STUDY OF A STOCHASTIC MODEL OF A RETURN-TYPE PICKING PATH IN FISHBONE LAYOUT
For ease of modeling, the same notation is assumed as in the model of storage effective area utilization in section II.A. The movement of the picker in the warehouse mostly includes three stages: picking the entrance, driving along the aisle, picking the exit. The system collects the route data of the robot through mobile communication.
In case of a convex curve channel, the storage area is divided into two parts: the upper part of the channel (area 1) and the lower part of the channel (area 2). The following is the calculation of the picking distance expected in the first area. Variable P 1j denotes the probability that items in the j-th channel of the first area are selected.
where m 1j in equation (15) represents the length of the j-th channel in the first area and can be expressed as
For one channel of the first region alone, the number of goods picked in this channel follows the binomial distribution b(K;T,p 1j ). The probability of having K(K = 0, 1 · · · T) cargoes in T goods in the j-th channel in Region 1 is P (k) 1j . Hence,
The goods studied in this paper are stored randomly. Within channel j, the position of each cargo within length m 1j is random. That is, multiple types of cargo can be regarded as uniform distribution of opposites on m 1j . The maximum distance between K items that can be picked in the j-th passage of setting area 1 is expected to be d (K ) 1j , and the uniform distribution of the goods' positions in the j-th passage of area 1 is
In the above equation, the distribution function of max(ξ 11 , ξ 12 , · · · ξ 1K ) is
Thus,
Equation (17) and equation (18) imply that when picking T kinds of goods at one time, the expected distance of picking and walking in the j-th passage is
Substituting the above formula into the original formula (19) results in
The number of pickings for area 1 is
The return-type picking path strategy is adopted, and the distance the picker travels contains two parts. The first is the expected picking distance generated by the passage of each cargo picking channel; the second is the expected travel distance R far from the farthest cargo picking channel (the most distant expected picking channel from the import and export points).
According to the above, R far is required. Recall that the probability of the farthest access channel j 1far in Region 1 when picking T items is p 1j 1far /T ; then,
Hence, the farthest channel expectation of cargo picking is
In summary, the picking and walking distance generated by the farthest channel that contains goods to be picked is
Similarly, in calculating the picking distance of the second area, the length of each channel in the second area is different due to the difference in the design of the shelf layout. Therefore,
Variable p 2j indicates the probability that items in the j-th channel of the second area are picked; then,
When picking items at a time, items should be selected in the second area. Therefore, the probability that the goods are picked in the -th channel of the second region can be expressed as
Let the probability of having K(K = 0, 1, · · · T) kinds of cargoes with goods of T types in the j-th channel in the second region be p
Similarly, the farthest expected picking distance for each channel in Region 2 is
The number of pickings for area 2 is
Recall that the probability of the farthest access to channel j 1far in region 1 when picking T items is p 1j 1far /T ; then,
Thus, the farthest channel expectation of cargo picking is
The picking distance traveled by the farthest lane to pick up the goods is
The picking and walking distances of the return-type routing strategies that can be obtained from equations (20), (24), (29), and (33) are
In order to verify the effect of the model, the need for the simulation of the model, through the estimate of the proportion of storage area to establish model, draw the curvature under different conditions the trend of the proportion of storage area, in order to verify the effectiveness of the proposed model, this paper compared the width of b = 100, length is a = 100, l 1 = 4, l 2 = 4 cases by storage area proportion model results and the gap between the simulation results under the same conditions. The simulation results of the model are shown in Figure 10 below, and the model is consistent with the trend drawn by the simulation. Therefore, it indicates that the proportion of the storage area of the fishbone layout can be estimated by the model and changes with the channel curvature. Where the abscissa is the main channel curvature and the ordinate is the selection path length.
The comparison of the change trend of the length of the selected path in Figure 10 above shows that the change trend is consistent, and the error between the model and the simulation result is within plus or minus 4%, as shown in Figure 11 , which proves that the model is effective.
As shown in Figure 12 , in the warehouse layout with = condition, the picking path keeps getting longer with the increase of curvature, and the difference between the maximum path length and the minimum path length is about 6%. Therefore, in the fishbone layout, the straight channel reduces more picking path length than the curve channel.
B. STOCHASTIC MODEL OF RETURN-TYPE PICKING PATH IN V-SHAPED LAYOUT
For ease of modeling, the same notation is used for the model of return-type picking path length as that of the model with the fishbone layout. For the case of the convex curve channel, the storage area is divided into two parts: the upper part of the channel (area 1) and the lower part of the channel (area 2). The following is the calculation of the picking distance expected for the first region. Variable p 1j represents the probability that items in the j-th channel of the first region are picked.
In equation (35) above, m 1j represents the length of the j-th channel in the first area and can be expressed as
Separately, for a certain channel j in the first region, the number of goods selected in this channel obeys the binomial distribution b(K;T,p 1j ). The probability that K(K = 0, 1 · · · T) cargoes among T cargoes are within the j-th channel in the first region is p
The goods studied in this paper are stochastically stored. Within channel j, the position of each cargo on length m 1j is random. That is, multiple types of cargo can be regarded as an uniform distribution of opposites on m 1j . The maximum distance between K items that can be picked in the j-th passage of the setting area 1 is expected to be d (K ) 1j , and the uniform distribution of the goods positions in the j-th passage of the setting area 1 is ξ 1t (t = 1, 2, · · · K); hence,
Hence,
According to equations (37) and (38) above, when picking T cargos at a time, the expected distance for picking and walking in the j-th lane is:
where
Substituting the above formula into the original formula (39) results in
The picking path strategy adopted is return-type, and there are two parts in the distance the picker travels. The first is the expected picking distance resulting from the passage of each cargo picking channel; the second is the expected travel distance from the farthest cargo picking channel (the most distant expected picking channel from the import and export points).
According to the above, we need to obtain R far ; recalling that the probability of the farthest access channel j 1far in Region 1 when picking T items is p 1j 1far /T , we obtain
In summary, the picking and walking distance resulting from the farthest channel that can be picked by the goods is
Similarly, when calculating the picking distance of the second area, the length of each channel in the second area is different due to the difference in the design of the shelf layout. Therefore,
Variable p 2j denotes the probability that items in the j-th channel of the second area are selected:
When picking T items at a time, T items should be selected in the second area. Therefore, the probability that the goods are picked in the j-th channel of the second region can be expressed as
If the probability of having K(K = 0, 1 · · · T)cargoes in T goods in the j-th channel in the second region is p
Similarly, the longest expected picking distance for each channel in Region 2 is
Recall that the probability of the farthest access to channel j 1far in region 1 when picking T items is p 1j 1far /T . It holds that
Hence, the farthest expected channel of cargo picking is The picking distance traveled along the furthest lane to pick up the goods is
The picking and walking distances of the return-type routing strategies that can be obtained from equations (40), (44), (45), and (49) are
To verify the validity of the model, the paper compares the results obtained by the proportion model of the storage area with the width b = 100, length a = 100,l 1 = 4 and l 2 = 4. Figure 13 and Figure 14 confirm the validity of the model. As shown in Figure 15 , if l 1 = l 2 , as the curvature increases, the picking path becomes longer, and the difference between the longest and the shortest path lengths is approximately 13%. It can be seen that in the case of the V-shaped layout, the linear channel results in a greater reduction of picking path length than does the curved channel. Figure 16 shows that if the quantity of goods to be picked is certain, the design of the linear main channel of the fishbone layout always results in the best sorting efficiency. For the number of goods to be selected less than 55, the picking efficiency of the curved fishbone layout is always higher than that of the curved V-shaped layout and lower than that of the straight V-shaped layout. However, for picking quantities of 55 or above, the fishbone layout's picking efficiency is always higher than that of the V-shaped layout. As the number of pickings continues to increase, the linear fishbone and curved fishbone layouts tend to be of the same value.
IV. CONCLUSION
This article starts by examining the storage layout design of the V-shaped channel, removes the original constraint of the channel being a straight line, uses mobile computing to collect warehouse data, and establishes the storage layout for selecting the main channel as the curve. The area utilization models of V-shaped and fishbone layouts were established to study the effect of changes in curve parameters on the ratio of the storage area and channel area of V-shaped and fishbone layouts. Finally, a stochastic model of the return-type picking route is established, and the effectiveness of the model is verified by simulation. In this paper, a stochastic model of return-type picking path is constructed under the random storage strategy. In the study of, warehouse storage and order assembly storage strategies, warehouse layouts, picking paths and the adoption of the mobile computing are all important factors influencing the order picking distance. This paper only considers one aspect of the field, which needs further study and research. At the same time, a comparative study of the traditional layout can be performed, and then the research findings can be verified by simulation with the hope of providing certain ideas and directions for subsequent research.
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